A nonconforming mixed finite element method for nonlinear hyperbolic equations is discussed. Existence and uniqueness of the solution to the discrete problem are proved. Priori estimates of optimal order are derived for both the displacement and the stress.
Introduction
In this paper, we discuss a nonconforming mixed finite element method for the following nonlinear hyperbolic initial and boundary value problem. 
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In order to describe the results briefly, we suppose that Equation (1) There have been many very extensive studies about this kind of hyperbolic equations. For example, [1] [2] [3] studied the linear situations and gave error estimates under semi-discrete and fully-discrete schemes by standard Galerkin methods. [4, 5] considered the mixed finite element methods for linear hyperbolic equations and obtained L 2 prior estimates about continuous time. In addition, [6] analyzed the mixed finite element methods for second order nonlinear hyperbolic equations. But all the above investigations are mainly about conforming situations and projections are indispensable. As we know, the nonconforming finite element methods arise because of the demands for reducing the calculation cost. [7] has pointed that the nonconforming finite element methods with degree of freedom defined on the element edges or element itself are appropriate for each degree of freedom belong to at most elements.
In the present work, we focus on the nonconforming mixed finite element approximation scheme for nonlinear hyperbolic equations. Firstly, we introduce the corresponding space and the interpolation operators. Secondly, Existence and uniqueness of the solutions to the discrete problem are proved. Finally, Priori estimates of optimal order are derived for both the displacement and the stress.
Throughout this paper, C denotes a general positive constant which is independent of
, and K h is the diameter of the finite element K.
Construction of the Elements
Let h J be the a rectangular subdivision of
, and
x y be the barycenter, the length of edges parallel to x-axis and y-axis by 2 x h and 2 y h . Then there exists an affine mapping ˆˆ:
, ,
is the reference element in  ,
x y plane and is the edges. We define the finite element ˆi l
The interpolation functions defined above are properly and can be expressed as:
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, the associated finite element spaces as
where   w denotes the jump of w across the boundary F,
. , the interpolation operators:
Main Results in Semi-Discrete Scheme
In this section, we will give the main results in this paper, including the existence and uniqueness of the solution to the discrete problem and priori estimates of optimal order. Firstly, we introduce
and rewrite the Equation (1) as a system: 
Thus the corresponding weak formulation of Equation (1) is to find a pair of  
,0 , ,0 , ,
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The semi-discrete mixed finite element procedure is determined:
where
It can be seen that h  and h  are the norms for and , respectively. (2) and (3), respectively. For
